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(57) ABSTRACT 

A direct conversion transceiver capable of reducing a DC 
offset, using a multi-chip module is provided. In the 
transceiver, a mixer and an element constituting a local 
oscillator are positioned above a shielding ground surface, 
and an interconnection connecting the mixer and the element 
constituting the local oscillator are positioned beloW the 
shielding ground surface. The transceiver is formed as a 
multi-chip module and thus its siZe is not bigger than a 
one-chip direct conversion receiver and advantageous in that 
its siZe and manufacturing costs are less than a general direct 
conversion receiver that additionally includes a DC offset 
cancellation circuit or an off-chip type oscillator for reduc 
ing a DC offset. 

22 Claims, 5 Drawing Sheets 
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FIG. 1 (PRIOR ART) 
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FIG. 3 (PRIOR ART) 

1O 

18 T 12 14 26 
- PL LPF (1c? coswLot 

50 

FIG. 4 (PRIOR ART) 

1O 

18 

COS WLOt 



U.S. Patent Sep. 13,2005 Sheet 4 0f 5 US 6,944,436 B2 

FIG. 5 

102 104 





US 6,944,436 B2 
1 

DIRECT CONVERSION TRANSCEIVER 
CAPABLE OF REDUCING DC OFFSET 

USING MULTICHIP MODULE 

Priority is claimed to Patent Application Number 2001 
48739 ?led in Republic of Korea on Aug. 13, 2001, herein 
incorporated by reference. 

BACKGROUND OF THE INVENTION 

1. Field of the Invention 
The present invention relates to a direct conversion 

transceiver, and more particularly, to a direct conversion 
transceiver that is capable of reducing a DC offset using a 
multi-chip module. 

2. Description of the Related Art 
Wireless mobile phones have been developed to reduce 

their siZes, poWer consumption and manufacturing costs. 
Nonetheless, these factors are still important factors that 
must be improved to manufacture good-quality Wireless 
mobile phones. 

To improve the above factors, it is effective to apply direct 
conversion architecture to a radio-frequency (RF) part, 
thereby removing an image rejection ?lter and also, reduc 
ing the number of elements required. 

HoWever, the use of the direct conversion architecture 
causes a DC offset that is confused With an actual signal and 
saturates an ampli?er installed next to a mixer. 

Accordingly, various methods or apparatuses for reducing 
the DC offset have been developed. FIGS. 1 and 2 are circuit 
diagrams of general direct conversion receivers for reducing 
the DC offset. 

Referring to FIG. 1, a signal received by an antenna 10 is 
ampli?ed by a ?rst ampli?er 12 and then is combined With 
a reference signal output from a local oscillator 34 by the 
?rst and second mixers 14 and 16. During this process, 
carrier signals are excluded from signals output from the 
?rst and second mixers 14 and 16. These signals pass 
through ?rst and second loW-pass ?lters (LPFs) 18 and 20, 
respectively, and as a result, high-frequency components 
contained in these signals are canceled. Signals output from 
the ?rst and second LPFs are ampli?ed by second and third 
ampli?ers 26 and 30, respectively. Here, reference numeral 
36 denotes a phase shifter that shifts the phase of the 
reference signal output from the local oscillator 34 by 90°. 

Thereafter, as shoWn in FIG. 3, When a reference signal 
cos WLOt is injected to the ?rst mixer 14 from a local 
oscillator (not shoWn), an oscillator signal leakage 50 may 
be caused during substrate coupling and bond Wire coupling. 
Further, as shoWn in FIG. 4, large interfere leakage 52 is also 
generated When an interference signal, Which is received via 
the antenna 10, is ampli?ed by the ?rst ampli?er 12 by the 
substrate coupling and bond Wire coupling. The oscillator 
signal leakage 50 and the large interfere leakage 52 are 
self-mixed to generate the DC offset. 

For reduction of the DC offset, the conventional direct 
conversion receiver of FIG. 1 includes a ?rst capacitor 22 
betWeen the ?rst LPF 18 and the second ampli?er 26, and a 
second capacitor 24 betWeen the second LPF 20 and the 
third ampli?er 30. The ?rst and second capacitors 22 and 24 
are massive and additionally require grounding circuits 28 or 
32 to be charged or discharged, respectively, thereby 
increasing the siZe of the circuit. Also, the ?rst and second 
capacitors 22 and 24 are useful only for frequency shift 
keying modulation. 

FIG. 2 shoWs a method for removing a DC offset through 
Which the DC offset received to ?rst and second analog-to 
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2 
digital converters 40 and 42 is operated by a data 
processing circuit 44 and a DC offset operated by a negative 
feedback loop including ?rst and second digital-to-analog 
(D/A) converters 46 and 48 is subtracted. The ?rst D/A 
converter 46 is positioned betWeen a ?rst mixer 14 and the 
data processing circuit 44, and converts a predetermined 
digital signal, Which is output from the data processing 
circuit 44, into an analog signal and feeds the analog signal 
back to the ?rst mixer 14. The second D/A converter 48 is 
positioned betWeen a second mixer 16 and the data process 
ing circuit 44, and converts a predetermined digital signal 
into an analog signal and feeds the analog signal back to the 
second mixer 16. (For details of the circuit of FIG. 2, see 
Japanese Patent Publication Laid-Open No. Hei 3-220823 
entitled “Direct Convergence Receiver”) 

HoWever, the circuit of FIG. 2 is disadvantageous in that 
it uses a closed loop, and thus loop convergence time is 
limited. For this reason, this circuit is not available to 
Wireless mobile phones having short time slots. 

SUMMARY OF THE INVENTION 

To solve the above problem, it is an object of the present 
invention to provide a direct conversion receiver that is 
compact, economical and inexpensive, and can be applied to 
various Wireless mobile phones. 

To achieve one aspect of the above object, there is 
provided a direct conversion receiver including a ?rst ampli 
?er for amplifying a signal input from an antenna; a mixer 
for separating a carrier signal from the signal output from the 
?rst ampli?er using a predetermined reference signal; a local 
oscillator for supplying the predetermined reference signal 
to the mixer; a loW-pass ?lter (LPF) for excluding a high 
frequency component from the signal output from the mixer; 
a second ampli?er for amplifying the signal output from the 
LPF; and a shielding ground surface for preventing mixing 
of signals leaking during Which the signal is received by the 
antenna and processed, Wherein the mixer and an element 
constituting the local oscillator are positioned above the 
shielding ground surface, and an interconnection connecting 
the mixer and the element constituting the local oscillator 
are positioned beloW the shielding ground surface. 
Avia hole is formed to pass through the shielding ground 

surface and expose one end of the interconnection, and the 
mixer is connected to the interconnection via a conductive 
plug ?lling the via hole. 
Avia hole is formed to pass through the shielding ground 

surface and expose the other end of the interconnection, and 
the element of the local oscillator is connected to the 
interconnection via a conductive plug ?lling the via hole that 
exposes the other end of the interconnection. 

TWo via hole is interconnected by metal line under the 
shielding ground surface. 

Passive elements of the local oscillator, Which is also used 
as passive elements of the mixer, the ?rst ampli?er, the 
second ampli?er and the LPF, are formed beloW the shield 
ing ground surface. 
The thickness of the shielding ground surface is several 

times as thick as the skin depth of the signal leakage. 
The mixer, the ?rst and second ampli?ers, and the LPF 

may be installed in one bare chip. OtherWise, the mixer may 
be installed in one bare chip, and the ?rst and second 
ampli?ers and the LPF may be installed in another bare chip. 
The mixer, Local oscillator and other components are 

bonded With the interconnection by Flip-chip bonding, Wire 
bonding or die attach. 
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The ?rst ampli?er is a loW-noise ampli?er (LNA) or a 
drive ampli?er (DA), and the second ampli?er is a drive 
ampli?er. 

To achieve another aspect of the above object, there is 
provided a direct conversion transmitter including a ?rst 
ampli?er for amplifying a signal to be transmitted; an LPF 
for excluding a high-frequency component from the signal 
output from the ?rst ampli?er; a mixer for mixing the signal 
output from the LPF and a given reference signal; a local 
oscillator for supplying the reference signal to the mixer; a 
second ampli?er for amplifying the signal output from the 
mixer before this signal is transmitted to the outside via an 
antenna; and a shielding ground surface for preventing 
mixing of signals leaking When the signal is transmitted, 
Wherein the mixer and an element of the local oscillator are 
positioned above the shielding ground surface, and an 
interconnection, Which connects the mixer to the element of 
the local oscillator, is positioned beloW the shielding ground 
surface. 

The mixer, Local oscillator and other components are 
bonded With the interconnection by Flip-chip bonding, Wire 
bonding or die attach. 
Avia hole is formed to pass through the shielding ground 

surface and expose one end of the interconnection, and the 
mixer is connected to the interconnection via a conductive 
plug ?lling the via hole. 
Avia hole is formed to pass through the shielding ground 

surface and expose the other end of the interconnection, and 
the elements of the local oscillator are connected to the 
interconnection via a conductive plug ?lling the via hole that 
exposes the other end of the interconnection. The element of 
the local oscillator is an active element of the local oscillator, 
Which is formed as a bare chip. Passive elements of the local 
oscillator, Which are used as passive elements of the mixer, 
the ?rst ampli?er, the second ampli?er, or the LPF, are 
formed beloW the shielding ground surface. 

The thickness of the shielding ground surface is several 
times as thick as the skin depth of the signal leakage. The 
mixer, the ?rst and second ampli?ers, and the LPF may be 
installed in one bare chip. OtherWise, the mixer may be 
installed in one bare chip, and the ?rst and second ampli?ers 
and the LPF may be installed in another bare chip. The 
second ampli?er is a poWer ampli?er or a drive ampli?er. 

The present invention adopts a multi-chip module mode, 
and thus is more compact, economical and inexpensive than 
a direct conversion receiver including a circuit for reducing 
a DC offset or an off-chip oscillator. 

BRIEF DESCRIPTION OF THE DRAWINGS 

The above objects and advantages of the present invention 
Will become more apparent by describing in detail preferred 
embodiments thereof With reference to the attached draW 
ings in Which: 

FIGS. 1 and 2 are circuit diagrams explaining general 
direct conversion receivers for reducing a DC offset; 

FIG. 3 is a circuit diagram explaining the occurrence of 
oscillator signal leakage in a general direct conversion 
receiver; 

FIG. 4 is a circuit diagram explaining the occurrence of 
interfere leakage in a general direct conversion receiver; 

FIG. 5 is a circuit diagram of a direct conversion receiver, 
according to the present invention, that is capable of reduc 
ing a DC offset, using a multi-chip module; 

FIG. 6 is a partial cross-sectional vieW of a direct con 
version receiver of FIG. 5 that is capable of reducing a DC 
offset, using a multi-chip module; 
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4 
FIG. 7 is a vieW of another embodiment of a direct 

conversion receiver, according to the present invention, that 
is capable of reducing a DC offset, using a multi-chip 
module; and 

FIG. 8 is a circuit diagram of a direct conversion receiver, 
according to the present invention, that is capable of reduc 
ing a DC offset, using a multi-chip module. 

DETAILED DESCRIPTION OF THE 
INVENTION 

Referring to FIG. 5, reference numerals 74 and 80 denote 
a mixer and a local oscillator, respectively. The mixer 74 
mixes a signal, Which is received by an antenna 70 and 
ampli?ed by a ?rst ampli?er 72, and a predetermined 
reference signal and then rejects a carrier signal from the 
signal output from the ?rst ampli?er 72. The ?rst ampli?er 
72 includes a loW-noise ampli?er or a drive ampli?er. The 
local oscillator 80 provides the mixer 74 With the predeter 
mined reference signal that is used to separate the carrier 
signal from the signal. A shielding ground surface 82 is 
formed betWeen the mixer 74 and the local oscillator 80. A 
signal output from the local oscillator 80 is sent to the mixer 
74 via a region limited by the shielding ground surface 82. 
The shielding ground surface 82 absorbs and shields signal 
leakage A2 and interfere leakage A1 that occur at the local 
oscillator 80 and the mixer 74, respectively, during the 
processing of the signal received by the antenna 70. For this 
operation, the thickness of the shielding ground surface 82 
is several times, preferably more than three times, as thick 
as skin depth of these leakages. With the installation of the 
shielding ground surface 82 betWeen the mixer 74 and the 
local oscillator 80, the signal leakage A2 and interfere 
leakage A1 are prevented from being mixed With itself thus 
minimiZing the DC offset. In FIG. 5, reference numerals 76 
and 78 denote a loW-pass ?lter (LPF) that rejects a high 
frequency component from a signal output from the mixer 
74, and a second ampli?er such as a drive ampli?er that 
ampli?es a signal output from the LPF 76, respectively. 

Hereinafter, an embodiment of a direct conversion 
receiver, according to the present invention, for reducing the 
DC offset, using a multi-chip module Will be described in a 
greater detail. 

Referring to FIG. 6, a ?rst interconnection 102 is formed 
at the bottom of a ?rst substrate 100, and a second inter 
connection 104 is formed to be separated from the ?rst 
interconnection 102 at a predetermined interval. 
A ?rst via hole h1 is formed to expose one end of the ?rst 

interconnection 102 and ?lled With a ?rst conductive plug 
C1. A ?rst conductive layer 108 is formed to contact the 
entire ?rst plug C1 on the ?rst substrate 100. A second via 
hole h2 is also formed to expose the other end of the ?rst 
interconnection 102 on the ?rst substrate 100. The second 
via hole h2 is distant from the ?rst via hole h2 by the length 
of the ?rst interconnection 102. The second via hole h2 is 
?lled With a second conductive plug C2 Which contacts the 
exposed other end of the ?rst interconnection 102. Aportion 
of the second conductive plug C2 protrudes into a cavity 110 
formed on a second substrate 106 on the ?rst substrate 100. 
Athird via hole h3 is formed to expose one end of the second 
interconnection 104 adjacent to the other end of the ?rst 
interconnection 102 on the ?rst substrate 100. The third via 
hole h3 is ?led With a third conductive plug C3 Which 
contacts one end of the second interconnection 104. The 
third conductive plug C3 also protrudes into the cavity 110 
With the same height as the second conductive plug C2. 

The second substrate 106 is formed on the ?rst substrate 
100 to cover the ?rst conductive layer 108 and includes the 
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cavity 110. In the predetermined region, an inductor 112 that 
is held by the second and third conductive plugs C2 and C3 
is formed. The inductor 112 is connected to the ?rst con 
ductive layer 108 via the second conductive plug C2, the 
?rst interconnection 102 and the ?rst conductive plug C1. 
Here, the inductor 112 is one of passive elements of a local 
oscillator (not shoWn). A conductive layer 114 is formed to 
face the ?rst conductive layer 108 in the second substrate 
106. The ?rst and second conductive layers 108 and 114, and 
the second substrate 106, Which is formed betWeen the ?rst 
and second conductive layers 108 and 114, form a capacitor 
A Which is one of passive elements of the local oscillator. 
The inductor 112, the capacitor A may be used as passive 
elements of an element 130 including the mixer 74, ?rst or 
second ampli?er. 
A third substrate 116 is formed on the second substrate 

106 to cover the second conductive layer 114. Therefore, the 
predetermined portion excluded from the second substrate 
106 becomes the cavity 110. 

The third substrate 116 has a fourth via hole h4 to expose 
a portion of the second conductive layer 114, and the fourth 
via hole h4 is ?lled With a fourth conductive plug C4 that 
contacts the exposed portion of the second conductive layer 
114. The third substrate 116 also has a third interconnection 
119 that contacts the fourth conductive plug C4. A fourth 
interconnection 120 is formed on the third substrate 116 to 
cover the third interconnection 118. Afourth interconnection 
122 is formed on a predetermined region of the fourth 
substrate 120. A ?fth substrate 124 is formed on the fourth 
substrate 120 to cover the fourth interconnection 122. Both 
ends of the fourth interconnection 122 are exposed by ?fth 
and sixth via holes h5 and h6 at the ?fth substrate 124. The 
exposed ends are each in contact With ?fth and sixth 
conductive plugs C5 and C6 that ?ll the ?fth and sixth via 
holes h5 and h6, respectively. The ?fth substrate 124 has a 
seventh via hole h7 that exposes the other end of the second 
interconnection 104 While passing through the ?rst through 
fourth substrates 100, 106, 116 and 120. The seventh via 
hole h7 is ?lled With a seventh conductive plug C7 that 
contacts the other end of the second interconnection 104. A 
shielding ground surface 124 is present betWeen the ?fth 
through seventh via holes h5 to h7, above the fourth inter 
connection 122. The element 130 including the mixer, and a 
portion of the local oscillator, Which is an active element 
132, are positioned above the ?fth substrate 124 in the form 
of bare chips. Preferably, the element 130 including the 
mixer and the portion of the oscillator are separately from 
each other at some distant so as to reduce interference 

therebetWeen. In contrast, preferably, the shielding ground 
surface 126 and the portion of the oscillator are adjacent to 
each other as much as possible so as to absorb signal 
leakage. The element 130 including the mixer, and the active 
element 132 are bonded With the conductive plugs C5 and 
C6 via a bonding material 128, respectively. Here, the 
bonding of the element 130 including the mixer, and the 
active element 132 may be performed by Wire bonding, 
preferably ?ip-chip bonding. OtherWise, the element 130 
including the mixer, and the active element 132 may be 
die-attached to the conductive plugs C5 and C6, respec 
tively. Also, the element 130 may include an ampli?er, such 
as a loW-noise ampli?er, a poWer ampli?er and a drive 
ampli?er, or a ?ler, as Well as the mixer. 

As previously mentioned, the element 130 including the 
mixer is connected to the ?fth conductive plug C5, Which 
contacts the one end of the fourth interconnection 122, and 
the active element 132 of the portion of the local oscillator 
is connected to the sixth conductive plug C6 Which contacts 
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6 
the other end of the fourth interconnection 122. As a result, 
the element 130 and the active element 132 are connected to 
each other via the fourth interconnection 122. 

MeanWhile, most signal leakage occurring in the element 
130 and the active element 132 is caused by the fourth 
interconnection 122 but a greater part of the signal leakage 
is absorbed by the shielding ground surface 126 because the 
fourth interconnection 122 is formed beloW the shielding 
ground surface 126. Therefore, preferably, the thickness of 
the shielding ground surface 126 is several times, preferably 
at least more than three times, as thick as the skin depth of 
the signal leakage. 
The signal leakage also occurs in the bonding material 

128 that bonds the element 130 and the active element 132 
With the ?fth and sixth conductive plugs C5 and C6, 
respectively, and the ?fth and sixth conductive plugs C5 and 
C6 through Which a signal, Which is output from the active 
element 132 to the element 130, passes. HoWever, since the 
length of the signal generated from the bonding material 128 
and conductive plugs C5 and C6 is very short, the shielding 
ground surface 126 can completely absorb and shied signal 
leakage occurring betWeen the element 130 and the active 
element 132 in consideration of a fact that signal leakage is 
proportional to the length of an interconnection. 

Therefore, most signal leakage occurring betWeen the 
element 130 including the mixer and the active element 132 
of the local oscillator is shielded by the shielding ground 
surface 126. A DC offset, Which is formed by self-mixing 
can be minimiZed. 

In fact, the lengths of the bonding material 128 and the 
?fth and sixth conductive plugs C5 and C6 are still shorter 
than that of the fourth interconnection 122. HoWever, for 
clarity, their lengths are someWhat exaggerated. 

FIG. 7 is a vieW of another embodiment of a direct 
conversion receiver according to the present invention, in 
Which the all of the Local oscillator components 132 may be 
formed as one chip, and passive elements such as the 
capacitor A, the inductor 112, and the ?rst and second 
interconnections 102 and 104 can be omitted, unlike in FIG. 
6. 

Hitherto, a direct conversion receiver according to the 
present invention is described. Similarly, a direct conversion 
transmitter according to the present invention may include a 
shielding ground surface to prevent mixing of leaking sig 
nals. 

FIG. 8 is a vieW of an embodiment of a direct conversion 
transmitter according to the present invention. Here, refer 
ence numerals 90 and 96 denote ?rst and second ampli?ers 
installed in a conversion transmitter, respectively. The ?rst 
ampli?er 90 ampli?es a signal input to a loW-pass ?lter 
(LPF) 92, and the second ampli?er 96 ampli?es a signal 
output from a mixer 94 before this signal is output to the 
outside via an antenna 70. Preferably, the ?rst ampli?er 90 
is a drive ampli?er, and the second ampli?er 96 is a poWer 
ampli?er (PA) or a drive ampli?er (DA). The LPF 92 and the 
mixer 94 are sequentially formed betWeen the ?rst and 
second ampli?ers 90 and 96. The LPF 92 excludes a 
high-frequency component from a signal transmitted from 
the ?rst ampli?er 90. The mixer 94 mixes the signal passing 
through the LPF 92 and a reference signal generated by a 
local oscillator 98 Which is connected to the mixer 94 via a 
shielding ground surface 82a, and outputs the mixed signal 
to the second ampli?er 96. The shielding ground surface 82a 
absorbs signal leakage A3 occurring at the local oscillator 98 
and the mixer 94, respectively, When transmitting a signal. 
Preferably, the structure and operations of the shielding 
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ground surface 82a are identical With as those of the 
shielding ground surface 82 of FIG. 5. 

Across section of the direct conversion transmitter shoWn 
in FIG. 8 is the same as the cross-sections of the direct 
conversion receivers in FIGS. 6 and 7. Therefore, a detailed 
description of the direct conversion transmitter of FIG. 8 
Will be omitted here. 

While this invention has been particularly shoWn and 
described With reference to preferred embodiments thereof, 
it Will be understood by those skilled in the art that various 
changes in form and details may be made therein Without 
departing from the spirit and scope of the invention as 
de?ned by the appended claims. For instance, according to 
the present invention, each via hole is formed to expose one 
end or the other end of one of the ?rst through fourth 
interconnections 102, 104, 118 and 112. HoWever, each via 
hole may be formed to expose an inner portion of one of 
these interconnections 102, 104, 118 and 112. Also, the ?rst 
and second interconnections 102 and 104 may be each 
coated With a protective material to be protected from outer 
shocks. 

As described above, a direct conversion transceiver 
according to the present invention is formed as a multi-chip 
module and thus its siZe is not bigger than a one-chip direct 
conversion receiver. Further, an interconnection, Which con 
nects a mixer to an active element of an oscillator and at 

Which most signal leakage occurs, is installed beloW a 
shielding ground surface, and the mixer and the active 
element of the oscillator are formed above the shielding 
ground surface, thereby reducing the occurrence of a DC 
offset. OWing to this structure, a direct conversion trans 
ceiver according to the present invention is advantageous in 
that its siZe and manufacturing costs are less than a general 
direct conversion receiver that additionally includes a DC 
offset cancellation circuit or an off-chip type oscillator for 
reducing an DC offset. 
What is claimed is: 
1. A direct conversion receiver comprising: 
a ?rst ampli?er for amplifying a signal input from an 

antenna; 
a mixer for receiving a predetermined reference signal 

and separating a carrier signal from the signal output 
from the ?rst ampli?er; 

a local oscillator for supplying the predetermined refer 
ence signal to the mixer; 

a loW-pass ?lter (LPF) for excluding a high-frequency 
component from the signal output from the mixer; 

a second ampli?er for amplifying the signal output from 
the LPF; and 

a shielding ground surface of a substrate structure for 
preventing self-mixing of signals leaking during Which 
the signal is received by the antenna and processed, 

Wherein the mixer and an element constituting the local 
oscillator are positioned above the shielding ground 
surface, and an interconnection connecting the mixer 
and the element constituting the local oscillator are 
positioned on one side of the shielding ground surface 
opposite to the side facing the mixer and element 
constituting the local oscillator. 

2. The direct conversion receiver of claim 1, Wherein the 
mixer and an element constituting the local oscillator are 
bonded With the interconnection by ?ip-chip bonding, Wire 
bonding or die attach. 

3. The direct conversion receiver of claim 1, Wherein a via 
hole is formed to pass through the shielding ground surface 
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8 
and expose one end of the interconnection, and the mixer is 
connected to the interconnection via a conductive plug 
?lling the via hole. 

4. The direct conversion receiver of claim 3, Wherein a via 
hole is formed to pass through the shielding ground surface 
and expose the other end of the interconnection, and the 
element of the local oscillator is connected to the intercon 
nection via a conductive plug ?lling the via hole that exposes 
the other end of the interconnection. 

5. The direct conversion receiver of claim 1, Wherein the 
element of the local oscillator is an active element of the 
local oscillator that is formed as a bare chip. 

6. The direct conversion receiver of claim 1, Wherein 
passive elements of the local oscillator, Which is also used as 
passive elements of the mixer, the ?rst ampli?er, the second 
ampli?er and the LPF, are formed beloW the shielding 
ground surface. 

7. The direct conversion receiver of claim 6, Wherein the 
passive elements are a capacitor, an inductor, and intercon 
nections that connect the capacitor and the inductor. 

8. The direct conversion receiver of claim 1, Wherein the 
thickness of the shielding ground surface is several times as 
thick as the penetration depth of the signal leakage. 

9. The direct conversion receiver of claim 1, Wherein all 
of the mixer, the ?rst and second ampli?ers, and the LPF are 
installed in one bare chip. 

10. The direct conversion receiver of claim 1, Wherein the 
?rst ampli?er is a loW-noise ampli?er (LNA) or a drive 
ampli?er (DA). 

11. The direct conversion receiver of claim 1, Wherein the 
second ampli?er is a drive ampli?er. 

12. A direct conversion transmitter comprising: 
a ?rst ampli?er for amplifying a signal to be transmitted; 
a loW-pass ?lter (LPF) for excluding a high-frequency 

component from the signal output from the ?rst ampli 
?er; 

a mixer for mixing the signal output from the LPF and a 
given reference signal; 

a local oscillator for supplying the reference signal to the 
mixer; 

a second ampli?er for amplifying the signal output from 
the mixer before this signal is transmitted to the outside 
via an antenna; and 

a shielding ground surface of a substrate structure for 
preventing self-mixing of signals leaking When the 
signal is transmitted, 

Wherein the mixer and an element of the local oscillator 
are positioned above the shielding ground surface, and 
an interconnection, Which connects the mixer to the 
element of the local oscillator, is positioned Within the 
substrate structure beloW the shielding ground surface. 

13. The direct conversion transmitter of claim 12, Wherein 
the mixer and an element constituting the local oscillator are 
bonded With the interconnection by ?ip-chip bonding, Wire 
bonding or die attach. 

14. The direct conversion transmitter of claim 12, Wherein 
a via hole is formed to pass through the shielding ground 
surface and expose one end of the interconnection, and the 
mixer is connected to the interconnection via a conductive 
plug ?lling the via hole. 

15. The direct conversion transmitter of claim 14, Wherein 
a via hole is formed to pass through the shielding ground 
surface and expose the other end of the interconnection, and 
the elements of the local oscillator are connected to the 
interconnection via a conductive plug ?lling the via hole that 
exposes the other end of the interconnection. 
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16. The direct conversion transmitter of claim 12, wherein 
the element of the local oscillator is an active element of the 
local oscillator, Which is formed as a bare chip. 

17. The direct conversion transmitter of claim 12, Wherein 
passive elements of the local oscillator, Which are used as 
passive elements of the mixer, the ?rst ampli?er, the second 
ampli?er, or the LPF, are formed beloW the shielding ground 
surface. 

18. The direct conversion transmitter of claim 17, Wherein 
the passive elements are a capacitor, an inductor, and inter- 10 
connections that connect the capacitor and the inductor. 
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19. The direct conversion transmitter of claim 12, Wherein 

the thickness of the shielding ground surface is several times 
as thick as the penetration depth of the signal leakage. 

20. The direct conversion transmitter of claim 12, Wherein 
the mixer, the ?rst and second ampli?ers, and the LPF are 
installed in a one bare chip. 

21. The direct conversion transmitter of claim 12, Wherein 
the ?rst ampli?er is a drive ampli?er. 

22. The direct conversion transmitter of claim 12, Wherein 
the second ampli?er is a poWer ampli?er or a drive ampli?er. 

* * * * * 


